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Energy dispersive x-ray analyzer 







(57) In an electron microscope employing an X-ray spectrometer 1 1 according to the present invention, a 
collimator 13, made of non-magnetic material, is provided in the head portion of the spectrometer, and a part 
of the collimator is arranged in a leakage magnetic field 9 of an objective lens 6 included in the electron 
microscope, whereby the orbits of scattering electrons are curved and thus prevented from colliding with the 
X-ray spectrometer, thereby removing background noise from the X-ray spectrum. Modifications include the 
use of different materials and an irregularity structure on the inner surface of the collimator, and shaping the 
collimator so that its input aperture is narrower than its exit. 
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ENERGY DISPERSIVE X-RAY ANALYZER 



The present invention relates in general to an 
energy dispersive X-ray analyzer, and more particularly 
to an energy dispersive X-ray analyzer which is capable 
5 of detecting the X-rays at high sensitivity without 
influencing on the resolution of a system even when 
mounted to a high resolution scanning electron 
microscope having an objective lens of an inlens type or 
an objective lens of a magnetic field leakage type 
10 attached thereto, and also which is suitable for 
performing the high precision X-ray analysis. 

In order to perform the high precision X-ray 
analysis in an energy dispersive X-ray analyzer 
(hereinafter, referred to as "an EDX" for short, when 
15 applicable) employing an energy dispersion X-ray 

spectrometer such as a silicon semiconductor detector, 
it is necessary to detect the X-rays which are emitted 
from a sample at high sensitivity and also to remove the 
scattering electrons (the reflected electrons) which are 
20 emitted attendantly from the sample due to the collision 
of the incident electron beams with the sample. Those 
reflected electrons become the background noises in the 
X-ray spectrum and also influence on the precision or 
the like in the quantitative analysis. 
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As shown in Fig. 1, in a detector included in 
a conventional EDX, in order to remove the scattering 
electrons 10 which pass, together with the X-rays 14, 
into an EDX device 12 as an X-ray spectrometer from a 
5 sample 7, a ring-like permanent magnet 17 is provided as 
an electron trap in the head portion of the EDX device 
12 and the orbits of the scattering electrons 10 are 
curved by the magnetic field which is generated by that 
permanent magnet, thereby preventing the scattering 
10 electrons from entering into the EDX device. 

In order to perform the high resolution 
observation with respect to the sample, the scanning 
electron microscope of a system in which the sample is 
arranged in the magnetic field generated by the 
15 objective lens (the inlens system or the magnetic field 
leakage system) is often used. However, in such a 
scanning electron microscope, since the sample is 
arranged in the magnetic field of the objective lens, if 
the EDX spectrometer which has the permanent magnet as 
20 the electron trap in the head portion of the X-ray 
spectrometer is brought close to the vicinity of the 
sample, the magnetic field of the objective lens is 
disturbed by the magnetic field which is generated from 
the permanent magnet provided in the head portion of the 
25 X-ray spectrometer, and hence the high resolution 

observation can not be performed. This is a problem 
inherent in the prior art. As a result., in such a high 
resolution scanning electron microscope, the EDX 



spectrometer can not be brought close to the sample, and 
hence the high sensitivity X-ray analysis and the high 
resolution observation can not be compatible with each 
other. This is another problem inherent in the prior 
5 art. 

The present invention was made in order to 
mitigate the above-nentioned problems inherent in the prior 
art, and preferably it is an object of the present invention 
10 to provide an energy dispersive X-ray analyzer which is 
capable of performing the X-ray analysis at high 
sensitivity without harming the lens performance (the 
resolution) of the scanning electron microscope even 
when combined with the scanning electron microscope 
15 having the inlens type objective lens or the magnetic 

field leakage type objective lens. 

In a first aspect, the present invention provides 
an energy dispersive X-ray analyzer including means for 
emitting electron beams, a condenser lens for 
condensing the electron beams, a magnetic field type 
objective lens, and an energy dispersive X-ray 
spectrometer, the X-rays which have been emitted from a 
sample arranged in a leakage magnetic field of said 
magnetic field type objective lens by irradiation of 
electrons being detected by said energy dispersive X- 
ray spectrometer, wherein a collimator made of a non- 
magnetic material is provided between said energy 
dispersive X-ray spectrometer and the sample, and at 
least part of said collimator is arranged in the 
leakage magnetic field of said magnetic field type 
ob j ective lens . 



In a second aspect, the present invention provides 
an energy dispersive X-ray analyzer including means _for 
emitting electron beams, a condenser lens for 
condensing the electron beams, a magnetic field type 
objective lens, and an energy dispersive X-ray 
spectrometer, the X-rays which have been emitted from a 
sample arranged in a leakage magnetic field of said 
magnetic field type objective lens by irradiation of 
electrons being detected by said energy dispersive X- 
ray spectrometer, wherein a collimator which is made of 
a non-magnetic material and is sharpened toward the 
sample is provided between said energy dispersive X-ray 
spectrometer and the sample. 

In a third aspect, the present invention provides 
an energy dispersive X-ray analyzer including means for 
emitting electron beams, a condenser lens for 
condensing the electron beams, a magnetic field type 
objective lens, and an energy dispersive X-ray 
spectrometer, the X-rays which have been emitted from a 
sample arranged in a leakage magnetic field of said 
magnetic field type objective lens by irradiation of 
electrons being detected by said energy dispersive X- 
ray detector, wherein a collimator which is made of an 
non-magnetic material and an inner wall of which has an 
irregularity structure is provided between said energy 
dispersive X-ray spectrometer and the sample. 

In a fourth aspect, the present invention provides 



an energy dispersive X-ray analyzer including means for 
emitting electron beams, a condenser lens for 

5 condensing the electron beams, a magnetic field type 
objective lens, and an energy dispersive X-ray 
spectrometer, the X-rays which have been emitted from a 
sample arranged in a leakage magnetic field of said 
magnetic field type objective lens by irradiation of 

10 electrons being detected by said energy dispersive X- 

ray spectrometer, wherein a collimator which is made of 
a non-magnetic material and has an opening portion, 
which is smaller than an opening portion provided on 
the side of said energy dispersive X-ray spectrometer, 

15 is provided between said energy dispersive X-ray 
spectrometer and the sample. 

Preferably, 

the present invention employs an EDX spectrometer in 
which a cylindrical collimator made of a non-magnetic 

20 material, such as aluminium, which does not influence on 
the magnetic field generated by an objective lens is 
mounted to the head portion of an X-ray spectrometer. 
In this connection, a part or the whole collimator is 
arranged in the magnetic field of the objective lens and 

25 the orbits of the scattering electrons are curved by the 
magnetic field of the objective lens, thereby preventing 
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the scattering electrons from entering into the X-ray 
detector. 

Preferably, in addition, an irregularity structure, that 
is £b CD structure, is provided on an inner wall of an X- 
5 ray passing hole of the collimator , whereby even if the 
scattering electrons the orbits of which have been 
curved by the magnetic field of the objective lens 
collide with the inner wall of the X-ray passing hole of 
the collimator , the electrons which are generated due to 

10 the collision of the scattering electrons with the inner 
wall of the collimator is prevented from entering into 
the X-ray detection unit. The irregularity structure 
may be either formed by threading the inner surface of 
the collimator or formed by roughening the inner surface 

15 thereof. It is sufficient that a height of the 
irregularity is about 0.1 mm • 

Preferably, in addition, in order to reduce the anount of 
electrons which have been generated when the scattering 
electrons collide with the inner wall of the X-ray 

20 passing hole of the collimator, a material ( such as 

carbon) from which only the less amount of electrons are 
generated due to the collision is applied to the inner 
wall of the X-ray passing hole of the collimator, or the 
collimator itself is made of a material, such as 

25 aluminium, from which only the less amount of electrons 
are generated due to the collision. 

Preferably, further, in order to prevent the scattering 
electrons from entering into the EDX device as much as 
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possible, the size of the inlet port for the X-rays of 
the collimator is made narrower than that of the outlet 
port, i.e., the side in which the EDX device is 
arranged. 

By virtue of the above-mentioned arrangement, 
the scattering electrons which have been generated from 
the sample by the irradiation of the electron beams are 
curved with the orbits thereof by the magnetic field of 
the objective lens and hence are prevented from entering 
into the EDX spectrometer. Even if the scattering 
electrons the orbits of which have been curved by the 
magnetic field of the objective lens collide with the 
inner wall of the X-ray passing hole of the collimator, 
since the inner wall of the X-ray passing hole of the 
5 collimator is made of the material from which only the 
less amount of secondary electrons are generated due to 
the collision of the scattering electrons with the inner 
wall of the collimator, the amount of secondary 
electrons which are generated from the X-ray passing 
0 hole due to the collision of the scattering electrons is 
reduced every repetition of the collision. In addition, 
since the inner wall of the X-ray passing hole of the 
collimator has the irregularity structure, even if the 
secondary electrons are generated by the collision of 
25 the scattering electrons with the inner wall of the X- 
ray passing hole of the collimator, those secondary 
electrons do not enter into the X-ray detector because 




they are interrupted by the irregularity structure of 
the inner wall of the X-ray passing hole. 

On the other hand, since the X-rays which have 
been generated from the sample go straight on irrespec- 
5 tive of the presence of the magnetic field of the 

objective lens, the X-rays thus generated are detected 
by the EDX spectrometer. Thus, according to the present 
invention, even when the X-ray spectrometer is mounted 
in the scanning electron microscope in which the sample 

10 is arranged in the magnetic field of the objective lens, 
the X-ray analysis can be performed at high sensitivity 
without influencing on the resolution of the scanning 
electron microscope. 

Preferably, in addition, by making the size of the inlet 

15 port for the X-rays of the collimator narrow, it is 

possible that the scattering electrons hardly enter into 
the X-ray detector. By adopting this structure, since 
the large EDX device can be employed, the efficiency of 
detecting the X-rays can be further improved as compared 

20 with the case where the minor diameter of the cylindri- 
i cal collimator is simply made narrow. Further, this 
structure has the shape which is suitable for arranging 
the collimator in the leakage magnetic field generated 
by the objective lens without being interrupted by the 

25 objective lens. 

i 

Preferably, furthermore, the collimator is made of a 
material having a small transmission factor for the X- 
rays, whereby it is possible to prevent the generation 



of the secondary X-rays which will be excited and 
generated by applying the X-rays to the outer wall of 
the collimator. In addition, it is also possible to 
prevent the generation of the X-rays which will be 
excited and generated due to the collision of the 
scattering electrons with the collimator. Since when 
the collimator is sharpened as in the present invention, 
the much amount of scattering electrons will collide 
with the outer wall of the collimator, the above- 
mentioned structure can be said to be the effective 
structure. 



Fig. 1 is a schematic view showing a structure 
of a conventional EDX spectrometer; 
- Fig. 2 is a schematic cross sectional view, 

partly in block diagram, showing an arrangement of an 
embodiment of the present invention; 

Fig. 3 is a schematic cross sectional view 
showing a structure of a collimator portion; and 
0 Fig. 4 is a schematic view showing an 

arrangement of a collimator of the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Fig. 2 is a schematic cross sectional view, 
partly in block diagram, showing an arrangement of an 
25 embodiment of the present invention. Incident electron 
beams 4 which have been emitted from a cathode 1 by 
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applying a voltage VI across the cathode 1 and a first 
anode 2 are accelerated by a voltage Vacc applied to a 
second anode 3 to move into the subsequent lens system. 
Those incident electron beams 4 are concentrated as a 
5 small spot on a surface of a sample 7 by the function of 
both a condenser lens 5 and an objective lens 6 which 
are controlled by a lens controlling power source 15 and 
then the sample is scanned in a two dimensional manner 
with the electron beams thus concentrated through the 

10 function of two stage deflecting coils 8. A scanning 
signal of the deflecting coils 8 is controlled by a 
deflection controller 16 in accordance with the 
observation magnification. A magnetic field 9 of the 
objective coil 6 is generated on the sample side and 

15 hence the sample 7 is arranged in the magnetic field of 
the objective lens. 

An energy dispersive X-ray (EDX) detector 11 
includes an EDX device 12 and a collimator 13 which is 
arranged in the front of the EDX device 12. The 

20 collimator 13 is a cylindrical structure which is made 
of aluminium, for example, as a non-magnetic material. 
In this connection, a screw with about 0.1 mm height is 
threaded in the inner surface of the collimator 13. The 
EDX spectrometer 11 is arranged in such a way that the 

25 collimator 13 thereof is located in the magnetic field 9 
generated by the objective lens 6. 

The X-rays 14 which have been emitted from the 
sample 14 pass through an X-ray passing hole of the 
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collimator 13 and then are detected by the EDX device 12 
provided in the EDX spectrometer 11. On the other hand, 
scattering electrons 10 which have been emitted from the 
sample 7 are, as shown in Fig. 3, curved with the orbits 
5 thereof by the magnetic field 9 of the objective lens 6 
and hence can not pass through the X-ray passing hole of 
the collimator to collide with the inner wall of the 
collimator 13. The scattering electrons which have 
collided with the inner wall of the collimator 13 serve 
10 to generate the secondary electrons from the collision 
surface of the inner wall of the collimator, but can not 
move towards the EDX device 12 since the inner wall of 
the collimator has the irregularity structure. In 
addition, since the surface of the inner wall is made of 
15 a material from which the secondary electrons are hardly 
generated due to the collision of the scattering 
electrons 10 with the inner wall of the collimator, the 
possibility that the scattering electrons 10 enter into 
the EDX device 12 becomes very small due to the mutually 
20 potentiating effect of that material and the above- 
mentioned irregularity structure. 

In addition, by making the collimator 13 of a 
material having a small transmission factor for the X- 
rays such as tungsten or tantalum, it is possible to 
25 prevent the generation of the secondary X-rays which 

will be excited and generated by applying the X-rays to 
the outer wall of the collimator 13. In addition, it is 
also possible to prevent the generation of the X-rays 
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which will be excited and generated by the collision of 
the scattering electrons with the collimator 13* In 
particular , since when the collimator 13 is sharpened as 
in the present invention, the much amount of electrons 
5 collide with the outer wall of the collimator, this 
structure can be said to be the effective structure. 

Since the collimator 13. is sharpened towards 
the sample as shown in, Fig. 4 in the present invention, 
the collimator 13 can be readily brought close up to the 

10 leakage magnetic field of the objective lens 20 without 
being prevented by the objective lens 20. In addition, 
by sharpening the collimator 13, the inlet port for the 
X-rays is made narrower than the outlet port for the X- 
rays. In other words, it is possible to reduce the 

15 entrance of the scattering electrons into the EDX device 
12. This structural necessary condition is different in 
the following point from the style in which the minor 
diameter of the cylindrical collimator is simply 
narrowed to form a narrow cylinder. 

20 That is, there is obtained an effect in which 

by sharpening the collimator 13, not only the inlet port 
of the collimator 13 can be narrowed, but also the large 
EDX device 12 can be employed. In general, the X-rays 
which have been obtained by applying the incident 

25 electron beams 4 to the sample 7 are emitted radially 
with the irradiation point of the incident electron 
beams on the sample as the center. In other words, if 
the whole minor diameter of the collimator is simply 
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narrowed to intend to obtain the same inlet diameter as 
that of the collimator of the present invention, the 
detection efficiency is further reduced as compared with 
the present invention by the amount of X-rays which 
collide with the inner wall of the collimator between 
the inlet port of the collimator and the EDX device. 

As described above, by sharpening the 
collimator, the collimator can be readily arranged in 
the leakage magnetic field of the objective lens, and 
also it is possible to reduce the entrance of the 
reflected electrons into the collimator. 

Incidentally, in the case where both the 
efficiency of preventing the entrance of the scattering 
electrons into the collimator 13 and the efficiency of 
detecting the X-rays are taken into consideration, if 
the inner wall of the collimator 13 is formed along the 
straight line connecting the irradiation point of the 
incident electron beams on the sample 7 and the end 
portion of the EDX device 12, it is possible to provide 
I the collimator 13 which is capable of making the 

detection efficiency of the EDX device 12 maximum and 
also of holding the entrance of the scattering electrons 
into the collimator 13 to a minimum while maintaining 
that detection efficiency as it is. 
5 While the example has been described in which 

the EDX detector 11 is mounted to the scanning electron 
microscope to which the objective lens of the magnetic 
field leakage type is attached, it should be noted that 
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even when the EDX spectrometer 11 is mounted to the 
scanning electron microscope to which the objective lens 
of the inlens type is attached, the same effects can be 
obtained. 

As set forth hereinabove , according to the 
present invention, since the X-rays can be detected 
efficiently by removing the scattering electrons which 
have been emitted from the sample without influencing on 
the magnetic field generated by the objective lens, in 
the X-ray analysis in which the EDX spectrometer is 
combined with the high resolution scanning electron 
microscope having the sample arranged in the magnetic 
field of the objective lens, there is obtained the 
effect that it is possible to perform the X-ray analysis 
at high sensitivity without injuring the resolution of 
the scanning electron microscope. 



# • 

16 



CLAIMS ; 

1. An energy dispersive X-ray analyzer including 

means for emitting electron beams, a condenser lens for 
condensing the electron beams, a magnetic field type 
objective lens, and an energy dispersive X-ray spectro- 
meter, the X-rays which have been emitted from a sample 
arranged in a leakage magnetic field of said magnetic 
field type objective lens by irradiation of electrons 
being detected by said energy dispersive X-ray 

spectrometer , 

wherein a collimator made of a non-magnetic 
material is provided between said energy dispersive X- 
ray spectrometer and the sample, and 

at least part of said collimator is arranged 
in the leakage magnetic field of said magnetic field 
type objective lens. 

2. An energy dispersive X-ray analyzer according 
to claim 1, wherein an inner wall of said collimator has 
an irregularity structure. 

3. An energy dispersive X-ray analyzer according 
to claim 1, wherein said collimator is sharpened towards 
the sample. 

4. An energy dispersive X-ray analyzer according 
to claim 1, wherein said collimator is made of a 
material from which only the less amount of secondary 
electrons are emitted by the irradiation of the 
electrons . 
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5. An energy dispersive X-ray analyzer according 
to claim 1, wherein said collimator is made of a 
material having a small transmission factor for the X- 
rays. 

6. An energy dispersive X-ray analyzer including 
means for emitting electron beams, a condenser lens for 
condensing the electron beams, a magnetic field type 
objective lens, and an energy dispersive X-ray 
spectrometer, the X-rays which have been emitted from a 
sample arranged in. a leakage magnetic field of said 
magnetic field type objective lens by irradiation of 
electrons being detected by said energy dispersive X-ray 
spectrometer, 

wherein a collimator which is made of a non- 
magnetic material and is sharpened towards the sample is 
provided between said energy dispersive X-ray 
spectrometer and the sample. 

7 - An energy dispersive X-ray analyzer according 
to claim 6, wherein at least part of said collimator is 
located in the leakage magnetic field of said magnetic 
field type objective lens. 

8 - An energy dispersive X-ray analyzer according 
to claim 6, wherein an inner wall of said collimator has 
an irregularity structure. 

9 - An energy dispersive X-ray analyzer according 
to claim 6, wherein said collimator is made of a 
material from which only the less amount of secondary 
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electrons are emitted by the irradiation of the 
electrons . 

10. An energy dispersive X-ray analyzer according 
to claim 6, wherein said collimator is made of a 
material having a small transmission factor for the X- 
rays. 

11. An energy dispersive X-ray analyzer including 
means for emitting electron beams, a condenser lens for 
condensing the electron beams, a magnetic field type 
objective lens, and an energy dispersive X-ray 
spectrometer, the X-rays which have been emitted from a 
sample arranged in a leakage magnetic field of said 
magnetic field type objective lens by irradiation of 
electrons being detected by said energy dispersive X-ray 
detector, 

wherein a collimator which is made of a non- 
magnetic material and an inner wall of which has an 
irregularity structure is provided between said energy 
dispersive X-ray spectrometer and the sample. 

12. An energy dispersive X-ray analyzer according 
to claim 11, wherein at least part of said collimator is 
located in the leakage magnetic field of said magnetic 
field type objective lens. 

13. An energy dispersive X-ray analyzer according 
to claim 11, wherein said collimator is made of a 
material from which only the less amount of secondary 
electrons are emitted by the irradiation of the 
electrons . 
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14. An energy dispersive X-ray analyzer according 
to claim 11 r wherein said collimator is sharpened 
towards the sample. 

15. An energy dispersive X-ray analyzer according 
to claim 11 , wherein said collimator is made of a 
material having a small transmission factor for the X- 
rays. 

16. An energy dispersive X-ray analyzer including 
means for emitting electron beams, a condenser lens for 
condensing the electron beams, a magnetic field type 
objective . lens, and an energy dispersive X-ray 
spectrometer, the X-rays which have been emitted from a 
sample arranged in a leakage magnetic field of said 
magnetic field type objective lens by irradiation of 
electrons being detected by said energy dispersive X-ray 
spectrometer r 

wherein a collimator which is made of a non- 
magnetic material arid has an opening portion, which is 
smaller than an opening portion provided on the side of 
said energy dispersive X-ray spectrometer, is provided 
between said energy dispersive X-ray spectrometer and 
the sample, 

17 • ^ energy dispersive X-ray analyzer 

substantially as any one embodiment herein described 
with reference to Figures 2 to 4 of the accompanying 
drawings . 
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